The effect of sorghum particle size on nutrient digestibilities at the terminal ileum and over the total digestive tract of growing-finishing pigs were investigated in a replicated 3 x 3 Latin square trial. Sorghum-casein diets were used. Sorghum was dry rolled (C) or ground in a hammer mill through 6.4 mm (M) or 3.2 mm (F) screens, producing particles with a modulus of fineness of 3.57, 2.85 or 2.36, respectively. Each successive reduction in particle size improved (P<.05) the apparent ileal digestibility of dry matter, starch, gross energy and N. Measured over the total digestive tract, digestibilities of these components were highest (P<.05) for the F diet but they did not differ (P>.IO) between diets M and C because of increased (P<.05) disappearance in the large intestine of dry matter, starch and gross energy from the C diet. N loss in the large intestine was also higher for pigs fed diet C than for those fed diet M, but the difference was not significant. The digestibilities of most amino acids at the terminal ileum were improved (P<.05) as particle size decreased. Lysine digestibilities were not affected (P>.10). Amino acid digestibilities measured over the total digestive tract were consistently higher (P<.05) for diet F than diets M and C, which did not differ (P>.10) from one another. A comparison of ileal and total tract digestibilities indicated a net disappearance of all measured amino acids except lysine during large intestine transit. These data indicate that increasing fineness of grind will improve digestibility of nutrients in sorghum by growing-finishing pigs.
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I ntroduction
Grinding and rolling of sorghum to disrupt the intact kernel has consistently improved its nutrient digestibility (Fraps, 1932; Beames, 1969) and feeding value (Aubel, 1945 (Aubel, , 1955 (Aubel, , 1960 for growing-finishing swine. Processing sorghum also makes it possible to feed complete mixed diets, which results in better pig performance than does the feeding of grain and protein supplement separately (Hillier et al., 1954; Hillier and Martin, 1958) .
Although increased nutritional value from rolling or grinding of whole sorghum has been demonstrated, only limited data are available to indicate whether improved pig performance will result from further reductions in sorghum particle size. The data of Luce et al. (1970) indicate that successive reductions in sorghum particle size by grinding will improve feed efficiency but not daily gains.
Determination of the effect of successive reductions in sorghum particle size on nutrient digestibility could indicate the degree of fineness needed to improve pig performance, and would indicate whether all nutrients in sorghum respond similarly to such reductions. The purpose of this trial was to investigate the effect of reducing sorghum particle size by rolling and grinding on nutrient digestibilities measured at the terminal ileum and over the total digestive tract of growing-finishing pigs.
Experimental Procedure
Sorghum TAM680, a nonwaxy, intermediate endosperm, yellow sorghum with a red pericarp and no testa, was processed into three distributions of particle sizes. The coarse particle size distribution (C) was obtained by dry rolling, 557 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 3, 1981 whereas the medium (M) and fine (F) particle size distributions were obtained by grinding through a hammer mill 4 equipped with 6.4-ram and 3.2-mm screens, respectively. The particle size distributions were characterized by determination of the modulus of fineness and modulus of uniformity (Agriculture Engineers Yearbook, 1962) and by sifting of the sorghums through sieves with different-sized openings (table 1) . Sorghum-casein s diets (table 2) were formulated to contain .57% dietary lysine on the basis of chemically determined lysine values (table  3) . After acid hydrolysis (6N HC1 for 24 hr), amino acids were measured by ion-exchange chromatography with a modified Beckman model 120-C amino acid analyzer (Spackman et al., 1958) . The sorghum and casein were further characterized by proximate analysis (AOAC, 1975) , and their gross energy contents were determined by adiabatic bomb calorimetry 6.
Six barrows (average on-test weight 30 kg) were surgically fitted with a simple T-cannula approximately 15 cm cranial to the ileocecal junction according to the procedures suggested by Horszczauruk et al. (1972) . After a 14-day convalescence period, the pigs were placed on test in individual stainless steel metabolism cages. Cannulation did not appear to affect animal performance as indicated by gains and feed efficiencies during each experimental period. Average gains (grams/day) and gain to feed ratios for periods 1 through 3 were 479, .40; 601, .39, and 606, .33, respectively. The trial was conducted as a replicated 3 • 3 Latin square. Each period consisted of 5 days of diet adjustment, 5 days of feces and urine collection and 3 days of ileal digesta collection (12 hr/day).
Pigs were limit-fed daily at 0600 and 1800 hours. Feed intake was held constant for all pigs during the fecal and ileal collection phases. The amount fed was that eaten by the pig with the lowest consumption during the first 3 days of the adjustment period. Feed intakes were 1,200, 1,560 and 1,880 g/day (as-fed basis) for periods 1 through 3, respectively. Immediately before feeding, the diets were mixed with Feces and urine were collected, stored and sampled as described by Cohen and Tanksley (1973) , except that ferric oxide (1% of the meal) was used as a visible marker to indicate the beginning and the end of fecal collection.
Ileal digesta collection began at the 0600 hr feeding and ended at the 1800 hr meal. Digesta were collected through a 2-m length of polyethylene tubing attached to the opened cannula and running into a container resting in an ice bath. The digesta were manually pushed down the tubing into the collection container as soon as it passed out of the cannula. After each 12-hr collection period, a 200-g sample of digesta was taken and that remaining was warmed to 32 C and returned to the pig via the cannula.
Samples of diet, feces and digesta were analyzed for amino acids, N and gross energy content by the same procedures described for the sorghum and casein. Additionally, chromic oxide (Kimura and Miller, 1957) and starch contents were determined. Starch analysis was accomplished by a heat gelatinization-glucoamylase hydrolysis (Norris and Rooney, 1970) followed by colorimetric estimation of glucose in the hydrolystate (Technicon Instr. Corp., 1978) .
Digestibility and N balance data were analyzed as a replicated 3 • 3 Latin square for particle size comparisons. A split-plot analysis of variance was used for comparison of ileal and total tract digestibilities.
Results and Discussion
Diet F, prepared with finely ground sorghum, had higher (P< .05) apparent digestibilities of N, dry matter, starch and gross energy (table 4) over the total digestive tract and higher (P<.05) digestible and metabolizable energy contents (table 5) than did the M and C sorghum diets. Digestibility values for the M and C diets were nearly identical. The higher digestibility of N in the F diet resulted in greater (P<.05) N absorption per day, but this was offset by increased (P<.05) urinary N losses; as a result N retention per day was similar (P>.10) for pigs on all three diets. Although no differences (P>.IO) were found, N retention expressed as a percentage of absorbed N reflected differences in urinary N losses, pigs fed the F diet having a lower retention than those fed the M and C diets, whose values were similar.
Increased total tract digestibilities have resulted from dry rolling of whole sorghum (Fraps, 1932; Beames, 1969) , but no previous CContributed the following in milligrams per kilogram of diet: Cu, 10; Fe, 100; 1, .6; Mn, 50; Zn, 100. data could be found to substantiate the improvement in digestibility found in our trial from the fine grinding of sorghum. The data of Luce et aL (1970) , however, indicate improved digestibility with decreasing sorghum particle size, as feed utilization by pigs fed finely ground sorghum was significantly superior to that of pigs fed medium and coarsely ground sorghum. Studies with wheat (Ivan et al., 1974) and barley (Lawrence, 1970) have also shown improved digestibility of roiled grains compared with that of whole grains, but further reduction in particle size by grinding has caused only small improvements in protein digestibility of barley (Lawrence, 1970) and has not affected energy or dry matter digestibility of barley (Lawrence, 1970) or energy and protein digestibilities of wheat (Sauer et al., 1977) . N, dry matter, starch and gross energy digestibilities measured at the end of the small intestine (table 4) differed (P<.05) among all diets, with digestibilities increasing as sorghum particle size decreased. Sauer et al. (1977) reported that fine grinding of wheat increased ileal digestibilities of N and dry matter over those observed for cracked wheat.
N, dry matter, starch and gross energy disappeared in the large intestine, as indicated by higher (P<.01) mean total tract digestibilities than mean ileal digestibilities for these diet components. Disappearance of diet components in the large intestine has been reported for sorghum-based diets (Easter, 1972; Cousins, 1979;  Purser et al., 1979) and for a number of other P feedstuffs (Rerat, 1978) . The amounts of starch, dry matter and gross energy disappearing in the large intestine were affected by sorghum particle size. Starch losses in the large intestine differed (P<.05) among all diets, with the greatest disappearance occurring with the C diet and the least with the F diet (table 4) . Similarly, the C diet showed the greatest (P<.05) losses of dry matter and gross energy in the large intestine, followed by the M diet, but differences between the M and F diets were not significant. Disappearance of N from the large intestine was similar (P>.10) for all diets.
An inverse relationship was found between digestibilities of starch, dry matter and gross energy at the terminal ileum and disappearance of these components in the large intestine. The F diet, which showed the highest digestibilities at the terminal ileum, had the lowest hind gut losses, and conversely, the C diet, which showed the lowest digestibilities at the terminal ileum, exhibited the highest losses in the large intestine. These findings agree with the reports of Purser et al. (1979) , who fed sorghum diets, and Sauer et al. (1977) , who fed corn, wheat and barley diets; both groups of authors found increased dry matter and starch dissappearance in the large intestine for diets with lower ileal digestibilities. Their data and those from the present study clearly indicate that digestion in the large intestine can greatly affect total tract digestibilities of diet components.
Although total tract digestibilities of gross energy, starch and dry matter were similar for the M and C diets, energy utilization by pigs on the M diet may have been higher because a higher percentage (6%) of the dietary starch was digested and absorbed in the small intestine. Starch entering the large intestine is degraded by the microflora, with the production of volatile fatty acids (Baker et al., 1950) , which the pig can efficiently absorb (Farrell and Johnson, 1972; Argenzio and Southworth, 1975) . However, compared with the release of glucose from starch in the small intestine, the microbial production of volatile fatty acids from starch in the large intestine is thought to be energetically wasteful because of the associated heat of fermentation. Blaxter (1962) estimated that the heat of fermentation in bValues are means of 18 observations • standard deviations. Computed across treatments, the mean total tract digestibility was higher (P<.01) than the mean ileal digestibility.
e'd'eMeans of the same line with different superscripts differ (P<.05).
fTotal tract digestibility minus terminal ileum digestibility. ruminants would fall within the range of 3 to 12% of dietary gross energy, compared with a value of less than 1% during enzymatic digestion in the nonruminant. Mason (1979) , using the data of Friendet al. (1963) and Etienne (1969) , calculated stoichiometric efficiencies of 85 and 72%, respectively, for production of organic acids from the fermentation of glucose in pigs. The ability of the pig to utilize volatile fatty acids has been demonstrated by Jentsch et al. (1969) and Bowland et al. (1971) ; however, data on sheep (Blaxter, 1962) and rats (Vermorel, 1968) indicate that glucose is used more efficiently than are volatile fatty acids. Just (1979) fed diets varying widely in crude fiber, protein and fat content to growing-finishing pigs fitted with reentrant ileocecal cannulas and found that net availability of metabolizable energy increased as the percentage of total observed energy absorbed in the small intestine increased. This suggests that the compounds absorbed from the large intestine are not utilized as efficiently as the compounds absorbed from the small intestine. The less efficient utilization of energy disappearing from the large intestine and the greater proportion of dietary energy disappearing in the large intestine with the C diet, as compared to the M diet, suggest that the 1.2-percentage unit advantage in total tract gross energy digestibility for the M diet may underestimate actual differences in energy utilization between the M and C diets.
In general, the digestibility of amino acids at the terminal ileum improved as sorghum particle size decreased, but there was variation among individual amino acids (table 6) . With all diets, the ileal digestibilities of isoleucine, leucine, phenylalanine, threonine and all the nonessential amino acids except glycine were improved (P<.05) by decreasing particle size. Arginine, histidine and glycine digestibilities were higher (P<.05) for the F and M diets than the C diet. Valine digestibility was highest (P<.05) for the F diet, and values were similar for the M and C diets. There were no significant differences between the diets in lysine diegestibility measured at the terminal ileum, but digestibility was highest for the F diet (83.45%), followed by the M (82.80%) and C (81.41%) diets. Fine grinding of wheat as compared to coarse cracking, has increased ileal digestibilities of lysine and several other amino acids (Sauer et al., 1977) . Ileal amino acid digestibilities for each diet were fairly consistent, with the exceptions of low threonine and glycine digestibilities. Reduced apparent threonine (Cho and Bayley, 1972; Zebrowska, 1973b; Buraczewska et al., 1975; Zebrowska et al., 1977) and glycine (Holmes et al., 1974; Buraczewska et al., 1975; Ivan and Bowland, 1976) digestibilities have been reported and appear to result from high concentrations of threonine (Buraczewska et al., 1975; Sauer et al., 1977) and glycine (Holmes et al., 1974; Ivan and Bowland, 1976) in the endogenous secretions.
Over the total digestive tract, the digestibilities of all measured amino acids except arginine were higher (P<.05) for the F diet than for the M and C diets. Digestibilities of all the measured amino acids were 1 to 3 percentage points higher for the M diet than for the C diet, but the differences were not significant. The differences between ileal and total tract digestibilities, averaged over dietary treatments (table 7) , indicate a net disappearance (positive value) or synthesis (negative value) of an amino acid in the large intestine. The data were pooled across diets because preliminary analysis of the differences between ileal and total tract digestibilities showed no diet effects because of the large degree of variation encountered.
A net disappearance (P<.01 or P<.10) of all amino acids except lysine occurred in the large intestine. A net synthesis of lysine was indicated, but the difference between collection sites was not significant. Disappearance (Cho and Bayley, 1972; Sauer et al., 1977; Zebrowska et al., 1977) and synthesis (Holmes et al., 1974; Mason et al., 1976; Sauer et al., 1977; Zebrowska et al., 1977) of amino acids in the large intestine of the pig have been reported. The disappearance of amino acids in the large intestine is thought to result from catabolism of amino acids by the microflora, with the production of ammonia (Katanuma et aL, 1968; Erbersdobler, 1971) and amines (Hill et al., 1970; DeKetelaere et al., 1974) , which are absorbed by the pig and ultimately excreted as urea in the urine (Zebrowska, 1973b (Zebrowska, , 1975 . If, in fact, the pig cannot use N absorbed from the large intestine for protein synthesis, then digestibilities determined at the terminal ileum would more accurately reflect the amount of amino acids absorbed.
The average apparent ileal lysine digestibility found in this trial, 82.6%, agrees closely with the values of 84.1% found be Cousins (1979) and 86% found by Purser et al. (1979) , but is considerably higher than the 67.1% reported by Easter (1972) . In all three of the studies cited, sorghum-casein diets were used, but Easter (1972) used reentrant cannulation, whereas Purser et al. (1979) and Cousins (1979) 
